1. Background
=============

Open prostatectomy is one of the prevailing forms of surgery used for treatment of BPH and/or prostate enlargement due to other reasons. Despite extensive experience, this surgical method is still accompanied by a number of risks, including intraoperative and postoperative bleeding ([@A73983REF1], [@A73983REF2]). Therefore, to reduce or compensate for intraoperative or postoperative bleeding, various methods have been used in patients considered as candidates for prostatectomy ([@A73983REF3]), including induced hemodilution before surgery ([@A73983REF4]), erythropoietin injection before surgery ([@A73983REF5]), prescribing anti-fibrinolytics, such as tranexamic acid ([@A73983REF6]), and administration of blood products, such as packed red blood cells, fresh frozen plasma, cryoprecipitate, and fibrinogen ([@A73983REF7]).

Fibrinogen is a glycoprotein produced in the liver, and it is a substrate for thrombin, plasmin, and active factor XIII, with a half-life of three to five days ([@A73983REF8]). Following tissue damage, fibrinogen is broken down by thrombin, and soluble fibrin monomers are formed, resulting in blood clotting. Thus, fibrinogen is a critical component in the creation, reinforcement, and strengthening of blood clots. Hypofibrinogenemia occurs because of conditions, such as bleeding, hemo-dilution caused by fluid replacement, consumption due to blood clotting, and/or disseminated intravascular coagulation (DIC) ([@A73983REF9], [@A73983REF10]). Therefore, prescribing fibrinogen to return blood concentration of the fibrinogen to its usual state and to normalize clot formation in patients with bleeding is of critical importance ([@A73983REF11]-[@A73983REF13]). Normal levels of fibrinogen in blood were different in various references; however, 2 to 4.5 g/L or 200 to 450 mg/dL is considered normal, on average ([@A73983REF14]-[@A73983REF17]). Fibrinogen is used in various forms to control bleeding, including intravenous infusion, through which the drug would be distributed all over the body. In this way, a sufficient amount of drug may not be available to the damaged tissue, thus large amounts of the product would be needed for adequate control of bleeding. Also, it could be used in hemostasis patches, along with collagen and thrombin. This method is accompanied by complications, such as immune responses and kidney problems ([@A73983REF18], [@A73983REF19]). Therefore, the need for a new way of administering fibrinogen with less drug requirement and complications and more effectiveness has been strongly felt. Considering certain conditions of open prostatectomy and importance of bleeding in these patients, as well as the useful effects of local injection of fibrinogen, which is not prescribed for prostatectomy patients in Iran, the current researchers decided to study the effects of local injection of fibrinogen on the level of postoperative bleeding in open prostatectomy.

2. Methods
==========

After receiving authorization from the ethics committee of Ahvaz Jundishapur University of Medical Sciences, 44 patients (ASA I-II), who were candidates for open prostatectomy, were randomly entered in the study. All patients provided a written consent, after being informed of the procedure. The trial was registered with http://irct.ir (identifier: IRCT20170421033564N1).

A randomization list was generated with computer support. Randomization was determined before surgery, through a sealed opaque envelope system (''Yes'': Fibrinogen, ''No'': control group that were prepared by an anesthesiologist). The surgeon and assessor were not aware of the patient grouping. Envelopes were opened at the end of surgery. In the control group, 20 mL of normal saline was injected by the surgeon at the prostatectomy site. In the fibrinogen group, the solution dissolved in 20 mL of distilled water. Randomization envelopes were accounted for at the end of the study. Patients, assessors, and surgeon were blinded to the randomization. During the operation, sterile syringes of both groups that were labeled with number one and two were prepared by an anesthesiologist and were provided to the surgeon. The surgeon and assessor were not aware of the patient grouping. According to Payani et al.'s ([@A73983REF20]) study and considering α = 0.05, β = 0.2, and mean values s~1~ = 176.2, s~2~ = 113.9 and μ~1~ - μ~2~ = 150 and the formula:
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Sample size was calculated as n = 22 for each group.

Criteria for entrance in the study was male gender in the age range of 45 to 70 years old with prostate volume between 50 and 100 mL, and severe urinary symptoms, as well as being a candidate for open prostatectomy. Criteria for exclusion from the study were as follows: any evident coagulation complication; use of anticoagulants; chronic kidney disease with creatinine level higher than 3 mg/dl; record of finasteride use; and refusal of permission for spinal anesthesia. Patients were randomly allocated to two groups: fibrinogen recipients and placebo recipients. They were grouped in terms of size of prostate, age deciles, surgeon, and cardiovascular risk.

Before spinal anesthesia, non-invasive monitors (pulse oximetry, blood pressure, and ECG) were connected, and Ringer's lactate solution was infused at 5 mL/kg.

Spinal anesthesia was done in the sitting position, at interspaces L4 - L5 and/or L3 - L4, with a 25G Quincke spinal needle, and 12.5 mg Hyperbaric Bupivacaine (HB) was injected. Patients' blood pressure was measured for the first ten minutes, at three-minute intervals. It was then measured and recorded at five-minute intervals. In case of systolic blood pressure drop to less than 90 mmHg and/or 25% reduction in comparison to the initial blood pressure, 5 mg of intravenous ephedrine was injected. The sensory level of patients was evaluated by the pin-prick method, and the start of surgery was authorized at the T9 level.

At the end of surgery, the intervention group received 500 mg of fibrinogen: (Haemocomplettan®, CSL Behring GmbH, Marburg, Germany), dissolved in 20 mL of distilled water, and in the control group, the solution was dissolved in 20 mL of normal saline (B Braun , 0.9%, Melsungen, Germany), injected by the surgeon at the prostatectomy site ([@A73983REF20]). A small closed-suction drain was placed in the pelvic area to prevent hematoma and urinoma formation. A urethral catheter was fixed. Continued bladder irrigation with normal saline solution was initiated to prevent clot formation ([@A73983REF21]). In the recovery room, the outputs from drain and urethral catheter were monitored. Before surgery, all patients were tested for hemoglobin, hematocrit, PT, PTT, INR, and serum fibrinogen level. Hemoglobin and hematocrit levels were retested at two and twelve hours after surgery, while PT, PTT, and INR were determined in the ward. The output fluid from the drain and urethral catheter was monitored until it was clear and free of blood. The volume of irrigated normal saline solution and the amount of transfused blood products (packed red blood cells, fresh frozen plasma, and platelets) were recorded ([Figure 1](#A73983FIG1){ref-type="fig"}).

![Trial profile](aapm-08-03-73983-i001){#A73983FIG1}

3. Results
==========

All data were analyzed with the t-test and chi-square test. There were no statistically significant differences between the two groups regarding demographic data and underlying diseases (P \> 0.05) ([Table 1](#A73983TBL1){ref-type="table"}).

###### Comparison of Demographic Data Between Two Groups^[a](#A73983TBL1FN1){ref-type="table-fn"}^

  Variable                     Control (N = 22)   Fibrinogen (N = 22)   P Value
  ---------------------------- ------------------ --------------------- ---------
  **Age, y**                   58.62 (12.31)      65.09 (6.25)          0.71
  **Weight, kg**               70.40 (12.41)      75.41 (11.84)         0.32
  **Height, cm**               165.43 (10.77)     170.11 (9.03)         0.48
  **Diabetic**                 4                  4                     0.96
  **Hypertension**             3                  5                     0.57
  **Ischemic Heart Disease**   1                  1                     0.1

^a^Values are expressed as mean (standard deviation).

Intraoperative and postoperative bleeding status in both groups is shown in [Table 2](#A73983TBL2){ref-type="table"}. According to the results, there was no significant difference between the groups in the amount of blood transfused during surgery (P \> 0.05). In the postoperative period, there were significant differences between the groups, both in terms of the number of recipient patients and number of blood units received. Those patients, who received fibrinogen, needed less blood (P \< 0.05).

###### Comparison of Bleeding During and Postoperative Blood Products in the Two Groups^[a](#A73983TBL2FN1){ref-type="table-fn"}^

  Variable                         Fibrinogen (N = 22)   Control (N = 22)   P Value
  -------------------------------- --------------------- ------------------ ---------
  **Pack Cell (during surgery)**                                            
  Number of patient                18                    19                 0.84
  Unit                             21                    28                 0.67
  **Pack Cell (post surgery)**                                              
  Number of patient                1                     4                  0.038
  Unit                             1                     5                  0.024
  **Bleeding (during surgery)**    660.90 (401.36)       731.36 (379.06)    0.56
  **Bleeding (post surgery)**      36.50 (18.70)         151.36 (120.58)    0.005
  **Irrigation(Lit)**              10.34 (3.57)          18.82 (4.76)       0.01

^a^Values are expressed as mean (standard deviation).

Also, the intraoperative bleeding level did not differ significantly between the two groups (P \> 0.05). However, there was a significant difference between the two groups at 24 hours after the surgery, in terms of bleeding (P = 0.005). The average amount of blood accumulated in the closed-suction drain was 36.50 mL in the fibrinogen group and 151.36 mL in the control group. The amount of irrigation solution used in the recovery room to wash the bladder until the output fluid was clear was 10.34 L in the fibrinogen group and 18.82 L in the control group, where there was a significant difference (P = 0.01).

In [Table 3](#A73983TBL3){ref-type="table"}, hemoglobin level and hematocrit percentage were determined and compared in the two groups, three times, before the surgery and up to 12 hours afterwards. Coagulation status, in terms of PT, PTT, and INR, was compared in the two groups before and after the surgery. No statistically significant difference was observed (P \> 0.05).

###### Comparison of Hemoglobin, Hematocrit and Laboratory Data in the Two Groups^[a](#A73983TBL3FN1){ref-type="table-fn"}^

  Variable                    Fibrinogen (N = 22)   Control (N = 22)   P Value
  --------------------------- --------------------- ------------------ ---------
  **Hemoglobin, g/dL**                                                 
  Pre surgery                 12.99 (1.37)          12.98 (1.35)       0.99
  2 hours after surgery       12.34 (0.97)          11.84 (0.94)       0.09
  12 hours after surgery      12.07 (1.00)          11.47 (1.22)       0.08
  **Hematocrit, %**                                                    
  Pre surgery                 38.28 (3.69)          38.32 (3.45)       0.97
  2 hours after surgery       37.43 (3.19)          35.70 (3.24)       0.08
  12 hours after surgery      36.23 (2.93)          34.96 (3.48)       0.19
  **PT, s**                                                            
  Before surgery              12.25 (0.51)          12.23 (0.50)       0.86
  After surgery               12.20 (0.35)          12.13 (0.34)       0.49
  **PTT, s**                                                           
  Before surgery              33.50 (3.99)          31.68 (6.35)       0.26
  After surgery               31.90 (2.56)          30.63 (2.80)       0.12
  **INR**                                                              
  Before surgery              1.02 (0.07)           1.01 (0.06)        0.51
  After surgery               1.04 (0.06)           1.02 (0.04)        0.31
  **Fibrinogen Level, g/L**                                            
  Before surgery              3.502 (1.21)          3.504 (1.156)      0.28
  After surgery               3.458 (1.14)          3.432 (1.095)      0.67

^a^Values are expressed as mean (standard deviation).

4. Discussion
=============

Considering the results, the patients were appropriately selected, as there was no significant difference between the two groups in terms of demographic information and underlying diseases. The amount of intraoperative bleeding was not significantly different between the two groups. In this study, using locally injected fibrinogen at the operation site at the end of surgery reduced the blood required in the postoperative period with no significant change in plasma fibrinogen concentration. The amount of blood collected in the closed-suction drain was also reduced considerably. This appeared to be the result of a local coagulation mechanism, which, with no perceivable change in plasma fibrinogen concentration, was capable of having a positive effect on patients undergoing prostatectomy surgery.

To reduce the intraoperative and postoperative bleeding in open prostatectomy, numerous actions have to be undertaken in terms of surgery and anesthesia, including administration of antifibrinolytic drugs, such as tranexamic acid and aminocaproic acid, and coagulation products, such as coagulation factors, cryoprecipitate, and fibrinogen. All of these drugs have been used in intravenous forms, and they have resulted in some complications in a number of previous studies. Intravenous injection of 2 g fibrinogen has been used by Karlsson et al. for patients undergoing open-heart surgery, for prevention of intraoperative and postoperative bleeding. They succeeded at reducing postoperative bleeding by 32%, compared to the control group. In their study, they found no clear clinical complication; however, inflammatory factors, such as D-dimer were significantly increased in patients in the fibrinogen group ([@A73983REF21], [@A73983REF22]). Friederich et al. used coagulation factor VII in bolus form at the beginning of surgery to control intraoperative and postoperative bleeding in open prostatectomy. They observed a decrease in bleeding level and no need for blood transfusion in patients of the intervention group. These results are consistent with those of the current study. More recent studies have evaluated the use of various compositions in topical form to obtain better results, using less drug and reducing side effects. For example, fibrin sealant formed by materials, such as fibrinogen, thrombin, and anti-fibrinolytic drugs was studied in an animal model by Alston et al. where they showed a reduction in time and level of bleeding, compared to the control group ([@A73983REF4]).

Payani et al. used topical fibrinogen on the precardium in heart surgery patients ([@A73983REF20]). Their results indicated a reduction in postoperative bleeding in coronary artery bypass surgery, and subsequently, in the postoperative period, patients had a higher hematocrit as a result of blood transfusion. The current study obtained similar results, indicating that in open prostatectomy, local injection of fibrinogen reduced postoperative bleeding. The effect may have been attributed to the activation of the coagulation process at the bleeding site, caused by fibrinogen. The mechanism may be described as follows: Fibrinogen is topically transformed to fibrin and creates a basic building block for sustainable blood clots to be formed ([@A73983REF23]). Contrary to the results obtained in these studies, Heyse et al. injected fibrinogen topically in patients undergoing knee arthroplasty surgery and observed no significant effect in terms of postoperative bleeding ([@A73983REF24]). In this case, the use of fibrinogen inside the medial knee joint space did not significantly reduce bleeding and the need for subsequent blood transfusion. In that study, fibrinogen was administered two minutes before opening the tourniquet. Lack of effect of fibrinogen compared to the control group may have been attributed to the method of cauterization applied after removal of the tourniquet. It resulted in a low bleeding level also in the control group, and no difference was observed between the control group and treatment group in terms of bleeding.

In the present study, coagulation status as determined by PT, PTT, INR, and plasma fibrinogen level was evaluated during the postoperative period and showed no difference compared to values recorded before the surgery, in either group. Payani et al. obtained the same results using topical fibrinogen in high risk patients. Coagulation parameters produced no perceptible changes in their study similar to the current study, and plasma fibrinogen concentration before and after surgery showed no significant difference ([@A73983REF20]). A slight decrease in postoperative plasma fibrinogen concentration may have resulted from intraoperative bleeding and a decrease in this coagulation factor in blood. It seems that this significant lack of change in plasma fibrinogen concentration showed the lack of systemic absorption and effectiveness of the local use of fibrinogen. Again, local use of fibrinogen resulted in no complications in either of the two studies. Contrary to the present study, Eriksen et al. evaluated intravenous administration of 2 g fibrinogen in patients experiencing a high level of bleeding, with abnormal PT and PTT, and found significantly improved levels of PT and PTT. Lack of change in PT and PTT values in the current study compared to theirs, may have resulted from local administration of fibrinogen, showing the effectiveness of local administration compared to intravenous administration of fibrinogen ([@A73983REF25]).

4.1. Conclusions
----------------

On the basis of the current results, it can be inferred that the use of fibrinogen in patients with high bleeding risk may effectively reduce bleeding level and subsequent requirement for blood transfusion, after the surgery. Meanwhile, it has no adverse effects on the coagulation status of patients, and it could be used with confidence in patients with high risk of bleeding.
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